ABSTRACT The aim of this study was to evaluate the dietary effect of mango extracts on lipid stability and the coloring of broiler chicken breast meat during frozen storage. The treatments consisted of broiler chicken diet without antioxidants (control) and diets containing antioxidants: 200 ppm of butylated hydroxytoluene (BHT), 200 ppm of mango peel extract (MPE), 400 ppm of MPE, 200 ppm of mango seed extract (MSE), and 400 ppm of MSE. The broiler breasts were stored for 90 days and analysis of lipid oxidation and color was performed every 30 days. The thiobarbituric acid reactive substances values increased during storage and at 90 days, but the 400 ppm MSE treatment yielded lower values, indicating greater antioxidant activity. During storage, the lightness values decreased and the redness increased. Additions of 200 ppm BHT and 400 ppm MPE increased yellowness at 60 days of storage. Thus, mango peel and seed extracts added to broiler chicken diets reduce lipid oxidation and maintain color in breast meat during frozen storage, with mango seed extract at 400 ppm being the most effective.
INTRODUCTION
Oils and fats are commonly added in broilers diets to provide energy and improve feed efficiency, besides other operational advantages in the feed plant. However, the meat of chickens which were fed diets containing these lipid sources have high concentrations of polyunsaturated fatty acids and oxidation compounds and are more susceptible to oxidative reactions (Racanicci et al., 2008) which is a major cause of decreased meat quality leading to unpleasant changes in the flavor, color, texture, nutritional value, and the generation of potentially toxic compounds (Choi et al., 2010; Sohaib et al., 2012) . Therefore, improved lipid stability in meat is a strategy to ensure greater meat longevity.
The antioxidant capacity of chicken muscle can be increased by antioxidant additions to the diet . Consumer concerns have led to an increased market desire to buy food products without synthetic additives (Luna et al., 2010) . This has led to several research strategies utilizing plant sources for potential natural antioxidants in foods (Hayat et al., 2010; Selani et al., 2011; Biswas et al., 2012; Abreu et al., 2014) . Moreover, some plant sources have also been tested in bird diets (Aziza et al., 2010; Sarker et al., 2010; Freitas et al., 2012) .
The addition of natural antioxidants or plants to broiler diets can be a simple and convenient strategy to introduce these substances into the meat, thus preventing lipid oxidation and improving the oxidative stability of meat stored at cooling and frozen temperatures (Pisulewski, 2005; . In addition to the free radicals and oxygen scavenger activity that reduce the lipid oxidation process, another action of antioxidants is related to their function as quelators for metal such as iron heme (Sun et al., 2012) , which could reduce the production of hydrogen peroxide and consequently ferrylmyoglobin, a compound which contributes to the onset of lipid oxidation (Min et al., 2008) .
Mango (Mangifera indica L.) is a tropical fruit that is generally consumed as juice, nectar, ice cream, and mainly in natura. The peels and seeds are not currently 2989 used for any commercial purpose and are disposed of as waste, becoming a source of pollution (Huber et al., 2012; Dorta et al., 2013) . Nevertheless, peels and seeds from mangos have been reported to be a source of natural antioxidants because they contain carotenoids, phenolic antioxidant compounds, and vitamins C and E. Mangiferin, a C-glycosylated xanthone, polyphenolic and phospholipid compounds detected in mango peels and seeds, has proven antioxidant activity by oxidative stability, free radical-scavenging, and reducing power (Puravankara et al., 2000; Berardini et al., 2005; Abdalla et al., 2007; Ajila et al., 2007; Ribeiro et al., 2007; Barreto et al., 2008) . Pereira et al. (2010) and Pereira et al. (2011) evaluated the extracts of mango peels and seeds on lipid stability in meat products and reported that the extracts were effective in delaying lipid oxidation in mortadella. According to Freitas et al. (2012) , the addition of 200 and 400 ppm of mango seed extract in diets did not affect the performance of broiler chickens. Moreover, these authors also reported that the mango seed extract was more effective than either mango peel extract or butylated hydroxytoluene (synthetic antioxidant) in retarding the lipid oxidation of chicken meat stored under cooling for 15 days.
Considering the above, the aim of this study was to evaluate the effect of dietary ethanol extracts of mango (Mangifera indica L.) on lipid stability and coloring of breast meat stored for 90 days at frozen temperature.
MATERIALS AND METHODS

Preparation of Mango Ethanolic Extracts
The ethanolic extracts were prepared from mango peels and seeds obtained as a by-product from a fruit pulp industry according to the method outlined by Barreto et al. (2008) . This was accomplished by submitting the mango by-products (freeze-dried material) to lipid extraction using hexane for 3 h in a Soxhlet apparatus. After they were dried, the material underwent ethanol extraction 3 times for 3 h each and the solutions were pooled and evaporated to dryness at 40
• C by rotary evaporation (Büchi Waterbath B-480, BUCHI Labortechnik AG in Flawil, Switzerland) under reduced pressure. For the experiment, approximately 250 g of each extract was used, requiring 1821.5 g of mango peels (freeze-dried material) and 854.9 g of mango seeds (freeze-dried material), considering the average yield of the process of 13.72 and 29.24%, respectively.
Determination of Total Phenolic Content and DPPH Free Radical Scavenging
Total phenolic contents in the extracts (peel and seed) were determined by Folin-Ciocalteu reagent method, adding 50 μL of the extract, 450 μL of distilled water, 250 μL of Folin-Ciocalteu reagent (1N) by Merck (Darmstadt, Germany), and 1.25 mL of sodium carbonate solution (20%). After 40 minutes, the absorbance was determined at a 725 nm (Omena et al., 2012) .
The free radical scavenging capacity of the extracts was performed using 1,1-diphenyl-2-picrylhydrazyl (DPPH) method. The DPPH assay was conducted as previously described by Nascimento et al. (2015) in the following concentrations: 200, 250, and 300 ppm for mango peel extract; 50, 100, and 150 ppm for mango seed ethanol extract. Butylated hidroxy toluene (BHT) was used as standard. Control sample was prepared containing the same volume without any extract and standard and the absorbance was read at 515 nm using a spectrophotometer. Methanol was served as blank. To evaluate the free radical scavenging activity, as percentage of inhibition, the following equations was used: % inhibition = [(absorbance control -absorbance sample) / absorbance control] × 100. The determination of IC50, the concentration of mango ethanol extracts or standard that causes 50% of inhibition of the initial concentration of DPPH, was obtained by linear regression.
The concentrations values of the mango ethanol extracts and BHT causing 50% inhibition of DPPH (IC50) and total phenolic content are shown in Table 1 . According to values, the antioxidant capacity of mango peel ethanol extract (MPE) in vitro test presented equivalent activity in comparison to BHT (0.372 vs. 0.336 g/L). Thus, the results obtained for MPE in vitro test were used for standardization of treatments, and being proposed a treatment with twice the original level of MPE. The same levels proposed for MPE treatments was done for MSE treatments.
Birds, Diets and Experimental Design
A total of 360 1-day-old male chicks of the Ross 308 lineage were distributed in a randomized experimental design with 6 treatments and 6 replicates of ten birds per treatment. The treatments consisted of a diet without antioxidants (control) and diets containing antioxidants: 200 ppm of BHT, 200 ppm of mango peel extract (MPE), 400 ppm of MPE, 200 ppm of mango seed extract (MSE), and 400 ppm of MSE. Isonutritious experimental diets were formulated for the initial period (from 1 to 21 days of age), growth period (from 22 to 35 days of age) and final period (36 to 42 days of age) ( Table 2 ). In the formulation, inert ingredients were replaced by antioxidants according to the treatments. The mango ethanol extracts of peels and seeds were diluted in soybean oil before being incorporated into the diets. All protocol procedures were approved by the Ethics Committee on Animal Research of Federal University of Ceará (Ceará, Brazil).
Sampling Procedure
At 42 days of age, and after fasting for 6 hours, Table 1 . DPPH free radical scavenging (mean ± standard deviation) and total phenolic content (in dry matter basis) of butylated hydroxytoluene (BHT) and mango ethanol extracts.
DPPH (g/L)
Total bones from each bird was separated and transported to the Laboratory of Meat Processing of Food Technology Department (Federal University of Ceará). At the laboratory, after skinning, the deboned breasts were divided in half and each half was stored in a polyethylene bag. The left halves were frozen at −30 • C for 12 hours. The samples were then stored at −20
• C for 90 days and analyzed at 0, 30, 60, and 90 days. In each storage period the lipid oxidation and color components were evaluated.
Determination of Lipid Oxidation
Lipid oxidation was evaluated by determining the thiobarbituric acid reactive substances (TBARS) using the aqueous acid extraction method according to the technique described by Cherian et al. (2002) . The color resulting from the reaction between TBA-reactive substances and 2-thiobarbituric acid was measured via spectrophotometer (Biospectro, SP-22, Curitiba, Brazil) at 531 nm. Means with different letters in the columns differ by the Student Newman Keuls test (P < 0.05); BHT = butylated hydroxytoluene; MPE = mango pell extract; MSE = mango seed extract; ANOVA = Analysis of variance; CV = Coefficient of variation. 
Colorimetric Measurements
The objective measurement of the chicken meat sample color was performed using a Minolta colorimeter (CR-300, Tokyo, Japan) operating in the system CIE (L * , a * , and b * ) with the apparatus calibration performed with a white ceramic plate using the D65 illuminant. The measurements were made on the surface of the chicken meat.
Statistical Analysis
Data were subjected to analysis of variance according to a factorial design, which included the effects of treatment, storage time, and the interactions between them. When a significant interaction was verified, unfolding was employed to evaluate the effect of each factor in relation to the other. The Student Newmann Keuls test was used to compare the mean values among the treatments. Regression analysis was used to describe the effect of storage time on the variables analyzed.
RESULTS AND DISCUSSION
The TBARS values exhibited a significant interaction (P < 0.05) among treatments and storage times of chicken meat (Table 3) indicating different treatment responses to storage. For the regression analyses, with the dismemberment of the interaction, the TBARS values of the broiler chicken breast meat from the control group and those fed with BHT (200 ppm) and MPE (200 and 400 ppm) increased linearly with the storage time. For broiler chicken fed with MSE (200 and 400 ppm), there was a quadratic effect of time on the meat TBARS values. According to the regression analysis equations, values increased and reached a maximum around 80 days of storage before subsequently decreasing (Table 2) . TBARS values did not reach the maximum acceptable limit value (Wu et al., 1991) of 1 mg/kg during the storage period evaluated in this study.
The breast meat of broiler chicken fed diet containing 400 ppm of MSE had lower TBARS values than that of the control treatment (P < 0.05) in all storage periods. Moreover, the inclusion of 400 ppm of MSE in the diet resulted in lower breast TBARS values than in the meat from the birds fed a diet having 200, 400 ppm MPE and 200 ppm MSE at both 0 and 90 days (P < 0.05). During the storage, the TBARS value of breasts from the birds treated with MSE at 400 ppm did not differ significantly (P > 0.05) from those fed on synthetic BHT, except at 90 days, when the breast meat of the broilers fed with 400 ppm of MSE had lower TBARS values than those of the BHT group (P < 0.05). At all storage times, the breast meat of the birds that received the control feed had higher TBARS values (P < 0.05) than the meat from those that were fed on antioxidant enriched feed (Table 3) .
Mango is a good source of natural antioxidants, including mangiferin, a C-glycosylated xanthone (Puravankara et al., 2000) . Mangiferin has proven antioxidant activity by oxidative stability, free radicalscavenging, and reducing power; the proportion of this compound in the fruits varies according to cultivar and the parts analyzed (Berardini et al., 2005; Barreto et al., 2008) . Schieber et al. (2003) demonstrated that mango seed and peel antioxidant content differs according to the type and content of phenolic compounds. Ribeiro et al. (2008) and Huber et al. (2012) reported that the concentration of phenolic compounds in mango seeds (Mangifera indica L.) were higher than in the peel from the same cultivar. Furthermore, according to Abdalla et al. (2007) , mango seed is an excellent source of tocopherols, which are compounds that have antioxidant properties and are potential factors that inhibit oxidative catalysts such as tyrosinase (Maisuthisakul and Gordon, 2009 ). Thus, the lower TBARS values in the present study in the breast meat of the broiler chickens fed on diet with 400 ppm of MSE when compared on those fed with MPE could be due to the higher concentration of phenolic compounds in this part of the fruit.
The antioxidant activity of mango ethanolic extract in meat products has been previously reported. It was observed that MPE and MSE added at 1000 and 2000 ppm to Bologna-type mortadella promoted an antioxidant effect comparable to that of BHT (Pereira et al., 2010; Pereira et al., 2011) . The antioxidant activity of ethanol extracts of mango can be attributed to polyphenols, anthocyanins, carotenoids, and tocopherols (Pereira et al., 2010; Pereira et al., 2011) . Therefore, the addition of MSE at 400 ppm in the present study was positive because even the lower concentration had more favorable results than BHT (90 days).
Other researchers have observed the reduction in lipid oxidation in chicken meat during storage by the addition of various sources of natural antioxidants found in plants. used high concentrations of natural antioxidants from Melissa officinalis (20,000 ppm) or the combination of Achillea millefolium (20,000 ppm), and Crataegus oxyacantha (10,000 ppm) and observed a significant reduction in the lipid oxidation of thigh and breast meat stored at refrigerated (4
• C) and frozen temperatures (−18 • C). However, in the present study, lower concentrations of mango extracts provided reductions in lipid oxidation. Tang et al. (2001) reported that the antioxidant activity of tea catechins at 200 ppm was equivalent to α-tocopherol (a natural antioxidant that is more commonly used) on the susceptibility to lipid oxidation of breast and thigh meat stored for up to 90 days in frozen storage (−20
• C). The results obtained in the present study also showed that 200 ppm of MPE and MSE were equivalent to BHT (a synthetic antioxidant that is commonly used in poultry diets). However, Goñi et al. (2007) and Brenes et al. (2008) reported that a higher concentration of the natural antioxidant grape pomace (15,000 ppm) had an equivalent effect to that of 200 ppm of α-tocopherol in breast meat stored at refrigerated temperature. Aziza et al. (2010) used Camelina sativa bran (25,000 ppm) in a broiler chicken diet and observed a reduction in meat lipid oxidation of 25.85% compared with a control group. In this study, the lower concentration of MSE (400 ppm) obtained a reduction of 55.43% compared with the control group. Therefore, 400 ppm of MSE in broiler chicken diets was effective in retarding lipid oxidation in the breast meat.
For L * (lightness) and a * (redness) there was no significant interaction (P > 0.05) among the treatments and the storage times of the breast meat. According to the regression analysis, the lightness linearly decreased and the redness linearly increased over time. For the mean test, there were no significant differences among the treatments for either variable (Tables 4 and 5 ). Some researchers have suggested that the increases in lightness inherent in chicken meat discoloration are related to lipid oxidation (Fernandez-Lopez et al., 2005 , Soares et al., 2009 Choi et al., 2010) and can be reduced by the addition of antioxidants to broiler diets. However, in the present study, this effect was not observed because there was no difference among the treatments. As in the present study, Jang et al. (2008) reported reductions in the TBARS values of frozen chicken meat due to dietary natural antioxidants found in plants, without changes in L * or a * color components. For redness, it was observed higher a * values during storage time (P < 0.05), as also reported by Zapata Means with different letters in the columns differ by the Student Newman Keuls test (P < 0.05); BHT = butylated hydroxytoluene; MPE = mango pell extract; MSE = mango seed extract; ANOVA = Analysis of variance; CV = Coefficient of variation.
1 Y = 48.55 -0.06X (R 2 = 0.38; P-value = 0.0110). Means with different letters in the columns differ by the Student Newman Keuls test (P < 0.05); BHT = butylated hydroxytoluene; MPE = mango pell extract; MSE = mango seed extract; ANOVA = Analysis of variance; CV = Coefficient of variation.
1 Y = 2.12 + 0.015X (R 2 = 0.19; P-value < 0.0001).
et al. (2006) . In this sense, the storage time resulted in change in the chicken breast color, due to the partial cell disruption and migration of blood arising from the slow freezing applied to meat, as reported by Lyon & Lyon Lyon (2002) . For the b * (yellowness) color component, there was a significant interaction (P < 0.05) among the treatments and the storage times of the chicken meat, indicating different responses of treatments to the storage. For the regression analyses, with the dismemberment of the interaction, the yellowness of the boiler chicken breast meat from the control group had a quadratic effect on time. According to the regression analysis equations, values increased and reached a maximum around (Table 6 ).
According to the mean test, there was a significant difference among the treatments for the yellowness at 60 and 90 days of storage. At 60 days, the yellowness of the meat from the broilers fed with 200 or 400 ppm of MSE was lower (P < 0.05) than the yellowness of the meat from the control and BHT groups. However, the values of this color component did not differ between doses or types of extract. At 90 days, the meat from the broiler chickens fed a diet containing 400 ppm of MSE had lower yellowness values (P < 0.05) than the meat from the chickens from the BHT (200 ppm) and MSE (200 ppm) treatments, but not differed from meat of control treatment (Table 6 ). Low yellowness values are favorable for meat acceptance (Zapata et al., 2006) . Thus, the inclusion of MSE at 400 ppm provided better results for the yellowness in the breast meat, increasing its acceptance. Therefore, the mango ethanol extracts included in the broiler diets did not negatively affect the color components of breast meat.
The mango peel extracts and mango seed extracts used in the broiler chicken diets at 200 and 400 ppm reduced lipid oxidation and allowed maintenance of color in breast meat during frozen storage for 90 days. Although the antioxidant capacity of mango seed extract was 3 time higher than BHT and mango peel extract on in vitro test, for similar effect in vivo, it was observed only with twice the concentration of this extract in broiler diets resulted in superior effect to the others. Thus, mango seed extract at a concentration of 400 ppm is more effective than traditional antioxidant treatments in reducing lipid oxidation and maintaining meat color.
